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1. INTRODUCTION 

Today, the application and use of widely developed renewable energy resources due to the growing 
need for electricity and the inconvenience and difficulties of generating energy through traditional energy 
sources have paved the way for greater attention to renewable sources in the future [1]. The review articles 
show that renewable systems are economically highly efficient compared to traditional and traditional fossil 
power generation systems, but the need for cleaner and quantum energy tends to many improvements in 
alternative energy generation systems. Electricity, which makes renewable systems the most popular and 
widely used for many applications [2]. The research sector of the wind energy conversion system (WECS) 
has seen a lot of participation and analysis for its excellent potential for remote areas for which supplying 
distribution networks is an uneconomical and cumbersome process for installing the conventional generation 
system [3]. Among the most popular methods, PMSGs are often chosen for WECS, which act independently 
because of their greater reliability, lower costs, and more efficient maintenance. Despite the advantages, it is 
mainly suitable and widely used for variable speed operation, with 10-15% more efficient power and higher 
power in watts, less mechanical stress and less power fluctuations than constant speed operation. A PMSG 
variable speed wind turbine system is more flexible to adapt to sudden changes in the wind [4]. 

This literature presents a detailed review of past and present MPPT-based controllers applied in the 
WECS design for maximum power extraction using permanent magnet synchronous generators (PMSG), 
squirrel-cage induction generators (SCIG), and doubly powered generator induction (DFIG). These controller 
models can be classified into three main control methods, (a) The tip speed ratio control (TSR) method, (b) 
The power signal feedback control (PSF) method, and (c) The climb search control (HCS) method. 
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The phenomenon of global warming together with the scarcity and lack of availability of fossil fuels 
have further contributed to motivate the research work towards the generation of renewable electricity and 
the use of renewable sources. Among the various forms of renewable energy, wind energy has been 
recognized as the primary and familiar source in the electricity sector. Renewable wind resources for energy 
production are huge all over the world. Only 10% of the available wind sources meet the criteria for the use 
of energy generation established after the assessment [5]. In view of this, the improvement in the 
performance of wind turbines and WECS is progressively increasing as a trend research sector. Since then, 
the greater power range of wind turbines, the need to provide a correct interface between the renewable 
energy generation/conversion system and the electricity grid system for optimal distribution. As a practical 
solution, methodologies and devices based on power electronics has already been introduced to connect in 
the literature, several renewable topologies for power conversion schemes were presented. Many types of 
energy generation conversion systems were commonly used, as in [6] and [7]. 

Numerous research papers have already proposed a variety of control schemes for optimal energy 
extraction through WECS [8]. The very simple methodology to find and obtain the maximum power point is 
based on the PI controller and on the perturb and observe algorithm [9] and [10], but these schemes face a 
lack of adequate performance. Another well-known technique is the neural network for estimating wind 
speed from wind energy, the generator speed, which are already measured and, subsequently, controlling the 
speed of the maximum power generator or the reference value La pair can be derived for the operating point 
tracker [11] and [12]. Although neural network-based methods ensure rapid response, controller performance 
fails during the change in the wind system. Furthermore, methods based on fuzzy logic have been widely 
used because of their better efficacy, as presented in [13] and [14]. On the contrary, the main drawbacks and 
limitations of these methods are not reliable; lack of stability, uneconomical, according to the analysis of the 
controller, and the point of maximum power varies in a wide range. The energy-reliability optimization of 
wind energy conversion system's operation can be achieved by means of the fuzzy sliding mode control [15] 
and [16]. 

Numerous literature studies conducted and researched for stability problem analysis and control 
design are condensed into LMI situations, which can be easily solved using the MATLAB LMI toolbox [17]. 
The advantage of T-S fuzzy provides an efficient way to design and build the controller [18]. By combining 
the different linear models, the global system model is derived and achieved. Consequently, the nonlinear 
controller is once again a general fuzzy combination of each unique linear controller [19]. The power flow 
modulation and control using the various power system. The efficient usage of power produced is defined. 
The battery management system is introduced in order to store the excess power produced and use that power 
in case of power deficiency. The battery management is controlled using the fuzzy logic controller, which is 
one of the intelligent controllers [20]. The design of the hybrid photovoltaic/wind system and the related 
battery management system. The fuzzy logic control-based battery management system has been designed 
for efficient use of energy. The proposed control to operate the charge and discharge mode of the battery 
during non-linear power generation [21]. A robust control for the wind conversion system based on PMSG 
and DC / DC boost converter with the aim of maintaining the voltage of the rectified generator at a reference 
voltage corresponding to the reference power set by the supervisor module. Reference power control is 
guaranteed without measuring wind speed [22]. Modeling of a three-phase induction generator driven by a 
horizontal axis wind turbine is described. An adjustable capacitor bank connects to the connection point with 
a static variation compensator (SVC), which is controlled to regulate the effective voltage. The model 
obtained is reduced taking into account the dynamics of the system [23] and [24]. As a practical solution, 
methodologies and devices based on power electronics has already been introduced to connect in the 
literature, several renewable topologies for power conversion schemes are presented. Many types of energy 
generation conversion systems are commonly used. The popular conversion topology in the energy sector is 
the modulated pulse width inverter (PWM) and the six-pulse diode rectifier due to their lower cost and 
efficiency compared to [25], while this methodology allows the power flow in a sense compared to the back- 
to-back power converter. The back-to- back converter allows a widely used and interesting bidirectional 
power flow in some applications. 

This paper presents a direct design of the MPPT controller for PMSG variable speed wind turbines. 
In this, the wind generator produces maximum power regardless of the conditions or environmental 
characteristics of the generator. Independent control algorithm that obtains quick responses for the complex 
nonlinear system. The main objective and contribution of the paper is comparing the two topologies of fuzzy 
and ANFIS of the modeling and control strategy of wind turbines is described. The conversion of energy 
systems based on wind energy has been followed with great attention as a vital source of renewable energy 
due to the exhaustion and exhaustion of fossil fuel reserves and environmental concerns because of events 
due to the use of fossil fuels and nuclear energy sources. Although wind energy is abundant, the wind speed 
varies continuously throughout the day. The amount of energy generated by WECS depends on the tracking 


Int J Appl Power Eng, Vol. 10, No. 4, December 2021: 355 — 363 


Int J Appl Power Eng ISSN: 2252-8792 O 357 


accuracy of the maximum power points detected by the maximum power point control system (MPPT) of the 
WECS control system, regardless of the type of wind generator used. The topology of the ANFIS-based 
converters provided on the machine and on the network, side is analyzed, analyzed by simulating the project 
proposed in MATLAB to offer the possibility of a bidirectional power flow. The rest of this paper is 
presented as follows: In the second section, a dynamic modeling of WECS is presented with the importance 
of the PMSG-based MPPT driver for WECS. The third section begins with fuzzy modeling of the system. 
Finally, the ANFIS control project is explained and the stability conditions are reported in fourth section. We 
conclude by presenting the proven results with a detailed discussion with conclusions in the final sections. 


2. MPPT CONTROL METHODS FOR PMSG BASED WECS 

The WECS based on the permanent magnet synchronous generator (PMFG) is widely used because 
research continues to identify more new projects thanks to its high-power density, greater efficiency, and the 
possibility of smaller turbine diameter and the availability of high permanent magnet material energy at a 
reasonably lower price. Numerous research papers were published on the development of the WECS domain 
for WECS design, which is more efficient, highly reliable, low wear, low noise, compact, and with lower 
maintenance costs. 

Most of the three settings for WECS are used with PMSG machines to convert variable voltage 
power and variable frequency power into a fixed frequency and a fixed voltage power. Depending on the 
converter configuration, a particular PMSG WMS with a suitable MPPT controller is designed and developed 
for your control. Three methods of the MPPT driver algorithm are generally used for WMS PMSG. 


3. FUZZY BASED MPPT 

The proposed fuzzy logic controller has been applied for MPPT by PMSG and has been simulated in 
various operating conditions, such as wind speed at 5 m/s, 7 m/s, 9 m/s, 11 m/s, and 12 m/s. After the 
simulation, the following results are analyzed to analyze system performance. The fuzzy logic controller has 
been designed for MPPT controller for wind energy system as presented in Figure 1. The proposed WES is 
developed in MATLAB environment and analyze its performance under various weather condition. The 
fuzzy MPPT based WES maximum output power and time take to research maximum power are depicted 
Figure 2. Finally, the buck converter voltage and current waveform are presented in Figure 3. Wind power 
system RMS voltage and current as shown in Figure 4. 
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Figure 1. Fuzzy based mppt controller for wes with buck converter for 250 watts wind power system 
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In this waveform, the voltage has been maintained as a constant output during unequal power 
generation of wind power system. In this waveform, the voltage was maintained as a constant output during 
the irregular generation of energy from the wind system. Drawbacks and limitations of fuzzy based MPPT 
controllers are sorted out by the hybrid combination of the neural network and fuzzy systems applied to the 
functionality of the controllers. Neural networks, neuron-based concepts are incorporated into fuzzy systems 
which can acquire knowledge relevant to the system automatically by executing the learning algorithms for 
the neural networks. Adaptive neuro-fuzzy inference system (ANFIS), constructs a mapping of input and 
output in the fuzzy rules form based on human knowledge and on generated input output data pairs by using 
a hybrid algorithm that is the combination of the least-squares and back propagation gradient descent method. 
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Figure 3. Buck converter O/P regulated voltage and current waveform (fuzzy) 
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Figure 4. WES RMS voltage and current waveform 
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4. ANFISBASED MPPT 

Here we present wind speed estimation using ANFIS concepts. ANFIS is regularly trained using 
least squares inference and the inverse propagation algorithm. Figure 5 shows the ANFIS structure with two 
inputs and one output. According to the designed model, the ANFIS network could make the decision to 
estimate the maximum wind speed to be achieved based on the input/output data used for training. The 
ANFIS controller is designed for the MPPT controller for the wind system, as shown in Figure 6. The 
proposed ANFIS MPPT controller has two triangular membership functions at the input, such as a WES 
voltage input and the second current register. The output of the fuzzy control is the triangular membership 
function, such as the duty cycle. The ANFIS-based MPPT controller reference model is developed using 
ANFIS. 
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Figure 6. ANFIS based MPPT controller for WES with buck converter for 250 watts wind power system 


5. RESULT AND DISCUSSION FOR ANFIS BASED MPPT CONTROLLER 

The proposed ANFIS controller has been applied for MPPT of PMSG and simulated under various 
operating condition such as wind speed at 5 m/s, 7 m/s, 9 m/s, 11 m/s, and 12m/s. The after simulation the 
following results are taken for analysis their system performance such as wind power system RMS voltage 
and current as depicted in Figure 4. The 250 watts WES output power has been analyzed under wind speed as 
shown in Figure 6. ANFIS control structure and system-training settings are illustrated in Figure 7 and Figure 
8. The ANFIS controller output of training and ANFIS rules are presented in Figure 9 and Figure 10 
respectively. The ANFIS controller has been simulated wind power system under standard wind speed as 
shown in Figure 11 and Figure 12. The ANFIS controller has generated duty cycle with respected to change 
of wind speed as shown in Figure 13. The fuzzy MPPT based WES maximum output power at various wind 
speed in Figure 14. Finally, the buck converter voltage and current waveform are presented in Figure 15. In 
this waveform, the voltage has been maintained as a constant output during unequal power generation of 
wind power system. The fuzzy and ANFIS controller comparative analysis and performance under various 
wind speed conditions of 250 watts WES is presented in Table 1. Based on performance the ANFIS 
controller has been chosen optimum controller for MPPT of WES system. 
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Figure 7. ANFIS MPPT control structure 


Figure 8. ANFIS control system training 


Figure 9. ANFIS control system output 
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Figure 10. ANFIS control system rules 
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Figure 11. Speed and duty cycle wind power system under standard wind 12 m/s 
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Figure 12. ANFIS based MPPT of wind power system under standard wind 12 m/s 
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Figure 13. Speed and duty cycle for wind power system under various wind speed 
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Figure 15. Buck converter O/P regulated voltage and current waveform (ANFIS) 


Table 1. Comparison of fuzzy and ANFIS results for 250 watts wind power system 


S.No Wind Speed Fuzzy ANFIS 
1 5 m/s 95.6 W 95.75 W 
2 7 m/s 143.5 W 144.8 W 
3 9 m/s 184.6 W 185.6 W 
4 11 m/s 224 W 226 W 
5 12 m/s 243.5 W 248.9 W 


CONCLUSION 


A wind speed measurement was presented using the ANFIS based MPPT controller for WECS 
based on variable speed and compared with the existing diffuse based MPPT controller for a 250 watt wind 
generator system. The simulation-based tabulated values show that ANFIS-based WECS produces more 
energy efficiently than fuzzy-based WECS MPPT controller does. The proposed ANFIS-based method is 
analyzed on a WECS variable speed DFEC connected to the network with a backup-to-backup voltage source 
converter. The ANFIS-based MPPT driver proposed in this paper is verified and applicable to all types of 
WECS. As an endless determination to create schemes based on MPPT converters to control the speed of the 
wind generator to maximize energy generation, the methodology based on ANFIS is proposed and the 
feasibility of the proposed methods is verified by designing a system. The efficient PMFG WECS in the 
MATLAB and ANFIS controller it is adopted with the system and proven simulated results presented. 
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